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Abstract
A nitrogenous controlled reléase fertilizer (Floranid 32) and a treatment of municipal organic waste compost were
tested under two irrigation managements (conventional and ET-adjusted irrigation rales) with the aim of assessing
risk of nitrate leaching to the aquifer. A check without N fertilizer was introduced. The experiment was carried
out at La Poveda Field Station (30 km SE Madrid, Spain) in alluvial soils with water table depth at 4 m and
under maize cropping. The experiment was laid out in a randomized complete block design with three replications,
allocating 12 plots to each irrigation management. Although N fertilizer rate (150 kg ha~') was reduced at half as
related to a previous experiment, no difference in grain yields was observed. This result relates to a high contení
of soil-N. Floranid showed promising results in controlling N-leaching in comparison with urea that exhibited
an accelerated rate of N reléase which finally determines low use of N by the plant and marked NÜ3~ leaching.
Treatment of municipal waste compost showed NC>3~ concentrations in the soil water solution of similar valúes
as those of urea at 140 cm. ET-adjusted irrigation showed no drainage during the corn growing season and lower
NÜ3~ concentrations in the soil water solution which could indicate a general lower rate of N solubilization.
Introduction
Widespread and conventional cultivation of irrigat-
ed maize in the mid-basin of the Jarama river (Cen-
tral Spain), includes N application rales above crop
requirements and irrigalion rales unmatched lo crop
consumplion. NC-3~-N concentralion in Ihe main
aquifer is near Ihe EEC lolerance limil for human con-
sumplion (European Economic Communily, 1980).
The effecls of bolh conventional praclices have
been evalualed in a previous work (Diez et al., 1994).
The amounl of nilrale leaching lo groundwaler depends
on bolh Ihe seasonal volume of drainage and on Ihe cor-
respondenl concentralion of NOs^-N in Ihe soil-waler
solulion al Ihe deep-drainage layer. Percolalion loss of
20% of irrigalion waler and NÜ3~-N concenlralion in
the drainage waler up lo 20 limes Ihe EEC tolerance
limil for human consumplion were found.
Lower N application rales and allernalive sources
of fertilizer N have been tesled in Ihis work in com-
bination with conventional and ET-matched rales of
irrigation. The main objeclive was lo lesl if Ihese aller-
nalive cropping praclices would aller percolalion loss
of NÜ3 ~ -N as relaled lo conventional cultivation prac-
lices.
Material and niethods
An experimenlal field of 4000 m2 was laid oul at La
Poveda Field Slation (30 km SE Madrid). Twenty-four
100 m2 plols were dislribuled lo irrigation managemenl
(lwo levéis) and sources of fertilizer N (four levéis)
wilh Ihree replications.
The experimenlal field showed a sandy-loam tex-
ture in the firsl 50 cm of soil-deplh and a sand-
increasing rate as soil-depth progresses below surface.
A dominant gravel-layer appears al variable soil-deplh
(1.3 lo 2.2 m) wilhin Ihe experimenlal field being Ihe
water table at the sile localed al 4 lo 4.5 m below Ihe
soil surface.
Top-dressing N was applied al Ihe rale of 150 kg
ha~' in agreemenl wilh electro ultrafillralion (EUF)
soil-N reserve (Nemeth, 1979) and available soil-N
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(Wiklicky era/., 1981). Sourcesof fertilizerNinclude:
urea (46% N), Floranid 32 (a low solubility compound
whose nitrogenous componen! is isobuthylidendiurea)
and a municipal waste compost. The latter was applied
before maize planting at the rate of 27800 kg ha"1
assuming 50% of N availability in the first year. A
check without fertilizer N was randomized within the
treatment structure in both irrigation systems.
Maize cv. Juanita (Pioneer) was sown in April 1993
in rows 75 cm spacing and density of 70000 plants ha~'
and harvested on early December. Prior to seedbed
preparation, a compound fertilizer (ON,14P2O5,7K2O)
and K2SÜ4 (50%) were applied to the experimental
field at the rates of 714 and 100 kg ha~', respective-
iy.
Conventional irrigation plots received 11 irriga-
tions at mean rates of 52 1 m~2 and total irrigation
water of 572 1 m~2 (1.28 ET). Optimized irrigation
plots received 20 irrigations to a total of 1.03 ET. Total
rainfall was 35 1 m~2 during the ET controlled peri-
od.
Volume of soil-water and hydraulic charge profiles
were seasonally monitored by a neutrón probé and a
set of tensiometers, respectively (Román et al., 1994).
The NC>3~-N concentrations in the soil-water solution
were measured in samples extracted with a ceramic
candel system with tips at soil-depths of 50, 90 and
140 cm. Two ceramic candéis were sampled at 140 cm
soil-depth.
Water flow and soil moisture profiles were moni-
tored 36 and 55 times in conventional and ET-matched
irrigation systems, respectively. These measurements
allowed for determination of periods and amounts of
water percolation. When downwards flow of water
was detected from the deepest soil layer, the volume
of drainage water was multiplied by corresponden!
NÜ3~-N concentration at 140 cm. Seasonal integra-
tion of drainage periods allowed for an estimation of
amounts of NÜ3 ~ -N leached to the groundwater (Letey
etal., 1987).
Total N in EUF extracts (EUF-N) from soil sam-
ples, was determined by digestión with UV radiation
and subsequent oxidation with potassium persulphate
in alkaline médium (Diez, 1988). The NÜ3~ determi-
nations both of the soil-water solution from the ceramic
cups, and the EUF extracts, were performed colorimet-
rically using a Technicon AAH Autoanalyzer with NI
naphtylethylenediamine. P was determined using an
ammonium molybdate reagent and K by flame emis-
sion photometry.
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Fig. 1. Cumulative curves of nitrate leaching for each of the
treatment during the experiment
Resulte and discussion
Source of fertilizer N treatments had the greatest
impact on NÜ3~-N concentration in the soil solution.
As expected, the unfertilized check exhibited the low-
est NO3~-N concentration across any soil-depths sam-
pling or irrigation managements.
At 50 cm of soil-depth, the Floranid 32 and compost
treatments induced lower NÜ3 ~ -N concentrations than
the urea treatment when conventional irrigation was
applied. However, at this soil-depth, samples of the
soil-solution showed similar NÜ3~-N concentrations
amongst the three fertilizer treatments where optimized
irrigation (ET-matched) was applied (Table 1).
At 140 cm of soil-depth, the compost treatment
exhibited lower NÜ3~-N concentration than both the
urea or floranid when the optimized irrigation system
was applied. The differences amongst the three sources
of fertilizers N were not significan! with the conven-
tional irrigation system (Table 1) although Floranid 32
showed lower cumulative leaching trend than the other
two sources of N fertilizer (Fig. 1).
A significan! irrigation management by source of
fertilizer N was found at both 50 and 140 cm of soil-
depth sampling. The analysis of variance at the 140 cm
of soil-depth (Table 2) also indicated a significant spa-
tial variation within the experimental field which is
consistent with the wide range of variation exhibited
in this type of experiments when conducted under field
conditions (Lund, 1982).
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Table I . Mean valúes of NOj -N (mg 1 ') in the soil-water solution at two soil-depths under difieren!
irrigation systems throughout the maize growing season
Treatments
Unfertilized check
Urea
Floranid
Compost
Conventional irrigation
50 cm
92.7 ± 86
447.2 ± 90
188.9 ± 54
131.1 ±61
140 cm
193 ± 33
425 ± 53
341 ±31
404 ±48
Optimized irrigation
50 cm
59.3 ± 43
215.2 ±71
170.4 ±46
187.7 ± 65
140 cm
-
413 ±55
375 ± 84
219 ±53
Table 2. Analysis of variance for nitrate concentation (mg
r ' )a t l40cm
Water drainage
(CONVENTIONAL IRRIGATION)
Source of variation
Irrigation management
Source of fertilizer N
Replications
Interaction
Residual
Total
d.f
1
3
5
3
625
637
Mean square
525.8
1141000.9
248028.8
463049.1
23043.3
F. ratio
0.023
49.515C
10.7646
20.095C
a b e signification levéis at 5, 1 and 0.1 respectively.
Lower soil moisture with the optimized irrigation
system did not lead to higher concentrations of NÜ3~-
N in the soil solution. By the opposite, it seems that
the solubilization process was hampered by low level
of soil moisture. This effect was more apparent at the
50 cm than at the 140 cm of soil-depth sampling. At this
last level, only the compost treatment exhibited lower
NÜ3~-N concentrations than the other two sources of
fertilizer N. Additional research would be needed to
assess the cause of this interesting effect.
Nitrate leaching was evaluated periodically for
each of the treatment throughout the experiment. The
results corresponding to conventional irrigation man-
agement are presented as cumulative curves (Fig. 1).
The urea treatments showed more NÜ3~-N leaching
than the Floranid treatment. It seems that higher val-
úes of soil moisture with this irrigation management
favours high-solubility fertilizers such as urea, leading
to higher levéis of nitrate leaching.
Seasonal volume of drainage water when conven-
tional irrigation was applied is shown in Fig. 2. Total
percolation to the groundwater was 120 1 m~2 during
the irrigation season. If an extended period is con-
sidered (from February to January of the following
210
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Fig. 2. Seasonal volume of water drainage with conventional irri-
gation
year) this volume reached 202 1 m 2. These last dates
corresponded to the application of the compost treat-
ment and to the sowing of the following crop (wheat),
respectively. Losses of water to the aquifer were in the
order of 20 % of irrigation water applied which con-
firmed results of a previous experiment (Diez et al.,
1994) with conventional irrigation management.
When the irrigation depth was adjusted to seasonal
crop consumption as measured by an erlier experiment
(Romanera/., 1994, unpublished) little water volumes
reached the aquifer during the crop growing season and
thus, nitrate leaching was avoided when this optimized
irrigation system was applied.
The unfertilized check showed similar crop pro-
duction which indícate a high level of soil N reserve
before the experiment. Mean valúes of EUF-N, EUF-
NÜ3~ and available N in the root zone before sowing
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Table 3. Average figures of EUF-N (20 °C + 80 °C), EUF-NCV
(B) and after maize crop harvesting (A)
(20 °C + 80 °C) and N available before sowing
Treatments EUF-N EUF-NO3
mgN lOOg-'ofsoil
B A B A
N available
kg N ha~
B
1
A
Conventional irrigation
Unfertilized
Urea
Floranid 32
Compost
Optimized irrigation
Unfertilized
Urea
Floranid
Compost
4.70
5.18
5.42
4.72
4.36
4.28
5.41
4.81
3.39
3.80
3.55
4.26
3.38
3.51
3.45
3.37
1.88
2.38
2.25
1.88
1.67
1.51
2.12
1.90
1.46
1.55
1.49
2.09
1.42
1.65
1.71
1.61
197
211
226
198
184
183
228
202
140
159
147
171
140
142
138
136
and after harvesting, indicated a decrease in the soil
N reserve across all fertilízer or irrigation treatments
(Table 3).
Conclusions
Leaching losses of NOi ~ -N must be evaluated by both
the interception of water below the root zone and con-
centration of NÜ3~-N on the drainage water. NÜ3~-N
concentrations at different soil-depth must be of inter-
est to trace the fate of NOj~-N in the mid or long-
run.
Floranid showed better results than the urea in con-
trolling nitrate leaching when conventional irrigation
practices were used. The compost treatment showed
the lowest NOs~-N concentration at 50 cm of soil-
depth which must be an indication of low potential for
nitrate leaching in the mid or long-run.
The optimized irrigation system avoided losses of
water through drainage during the maize growing sea-
son. Interestingly, somewhat lower concentrations of
NO.i~-N in the soil-water solution were found with
this treatment than with conventional irrigation system
across most sources of fertilizer N.
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